Foraminifera and ostracods have been quantitatively studied in core MD01-2472, from the upper continental slope (at water depth of 501 m), to evaluate their relationship with bottom water condition variability and decipher the control of the Levantine Intermediate Water (LIW) current on benthic faunas. The occurrence of reworked ostracod species (originating from the continental shelf) and, the presence of shallow water Elphidium/Ammonia benthic foraminifera are used to estimate the degree of alongslope transport at the core site. This has revealed two intervals of along-slope transport also associated with coarse-grained contourite deposits, deposited during the YD and HS2 episodes. Planktonic-benthic foraminiferal and ostracod assemblages reflect climate oscillations. Peaks of the polar planktonic Neogloboquadrina pachyderma (left-coiling S) may be used to identify Heinrich Events. Interstadials are marked by abundant ostracod species such as Paracypris sp., Argilloecia acuminata, and Cytheropteron alatum and the presence of benthic foraminifera like Bulimina marginata, Bulimina costata and Gyroidina altiformis. The B-A and Holocene are characterized by abundant warm water species of planktonic foraminifera and by the ostracod species Polycope sp. We hypothesize that there is relationship between LIW intensification during cold rapid climate events and benthic fauna assemblage variations due to changes in: 1) bottom water ventilation; and 2) the export of nutrients and/or sediment particles by bottom currents.
Introduction 40
The last glacial period (71,000 -14,000 y BP) was marked by climate instability 41 (Bond et al., 1992; Bond et al., 1993; Dansgaard et al., 1993) , and by the millennial-scale 42 alternations of cold (stadial) and warm (interstadial) periods, especially during Marine Isotope 43
Stage (MIS) 3 (57,000 -29,000 y BP) and MIS 2 (29,000 -14,000 y BP) when the 44
Dansgaard-Oeschger (DO) cycles occurred (Dansgaard et al., 1993; Meese et al., 1997) . This 45 sub-orbital climatic variability suggests the rapid coupling of atmospheric-oceanic systems. 46
Previous studies have demonstrated that these rapid climatic oscillations are recorded in 47 continental and marine records in the northern hemisphere, from Asia (Wang and Sarnthein, 48 1999) to Europe (Sánchez Goñi et al., 2000; Fletcher and Sánchez Goñi, 2008) . In the 49
Mediterranean Sea, these millennial-scale cycles induced rapid changes in oceanographic 50 conditions since the sea surface temperature oscillations acted on thermohaline circulation. 51
The link between atmospheric and marine processes has been described by several authors 52 (Sierro et al., 1999; Cacho et al., 2002; Moreno et al., 2005; Cacho et al., 2006; Frigola et al., 53 2008; Sierro et al., 2009) 
, illustrating how deep-water circulation (i.e. Western Mediterranean 54
Deep Water, WMDW) in the western Mediterranean Sea was very active during DO stadials 55
and Heinrich stadials (HS), and slowed down during interstadials. Similarly, in the Tyrrhenian 56 Sea, Toucanne et al. (2012) have shown, based on sedimentological evidence (sortable silt 57 particle-size data), that during the last glacial period the Levantine Intermediate Water (LIW) 58 variability was strongly forced by climate variability at both Milankovitch and millennial 59 timescales. In the North Atlantic ocean, the strengthening of the Mediterranean Outflow 60
Water (MOW) in the Gulf of Cadiz during northern hemisphere coolings (e.g. during DO 61 stadials and the Younger Dryas, YD, ca 12,000 y BP) is clearly recorded in the contourite 62 deposits (Voelker et al., 2006; Toucanne et al., 2007) . These studies confirm the important 63 control of climate forcing on Atlantic-Mediterranean water exchanges on the geological 64 timescale, in addition to North Atlantic hydrology (Rogerson et al., 2012) , and LIW, which
Microfaunal assemblages evolution since 56,000 years BP 277
Cluster analyses of the microfossil assemblages reveals three benthic foraminiferal and 278 two ostracod clusters. These clusters can be subdivided into subclusters (Figs. 4 and 5) . The 279 cumulative plots of each sub-cluster are shown in Figs. 6 and 7. We describe these sub-280 clusters as well as planktonic foraminifera distributions (Fig. 8 ) in stratigraphic order from 281
MIS3 to MIS1. 282
The MIS 3 and MIS 2 (between 12 m and 3.2 m in core MD01-2472) are 283 characterized by rapid alternation in relative abundances of all clusters (benthic foraminifera 284 and ostracods). In these two intervals, the most common benthic foraminifera are species 285 belong to clusters 3a (Hyalinea balthica and Bolivina spathulata), 3b (Bulimina marginata, 286
Bolivina costata and G. altiformis) and 3c (C. wuellerstorfi, C. carinata, T. angulosa, 287 Cibicidoides pachyderma, Hoeglundina elegans, and Quinqueloculina sp.) (Fig. 6) The MIS 2 interval includes Last Glacial Maximum (LGM) period when C. 305 wuellerstorfi gradually decreases in abundance associated with and an increase of species 306 belonging to cluster 3a and cluster 3b, (Figs. 6 and 9) . Among the ostracods, species of cluster 307 A2 and B4 are typically abundant during this period of LGM, between 23,000 and 18,000 y 308 BP. (Fig. 7) . The planktonic foraminifera T. quinqueloba is at its maximum abundance peaks 309 (up to 60%), during the LGM period.
Termination I (between 3.2 m and 2 m in core MD01-2472) is marked by high 311 assemblage variability. Marked increases in the ostracod of Polycope sp. (38%) and warm 312 planktonic foraminifera occur during the B-A, whereas they markedly decrease in abundance 313 during the YD (Figs. 7 and 8) . The B-A interval is typified by ostracods of Cluster A1 and of 314 cluster B2 (Henryhowella sp., Pseudocythere caudata and Paracypris sp.), representing a 315 marked increase in abundance (12% and 50%, respectively) during this period (Fig. 7) . 316
Allochthonous ostracods and Elphidium-Ammonia, magnetic susceptibility and sortable silt 317 maximum values show maxima during the YD (Fig. 10) . Krithe spp. and C. wuellerstorfi 318 abundance also decreases in B-A event and increases during YD (Fig. 9) . 319 MIS 1 (between 2 m and 0 m in core MD01-2472) The climate in the Western Mediterranean during stadials and HS, was characterized 342 by relatively arid conditions as suggested by pollen reconstructions from marine and 343 continental cores (Nebout et al., 2002; Sánchez Goñi et al., 2002 , 2008 . High aridity was 344 mainly linked to the vigorous north-westerly winds that formed over the north-westernMediterranean due to a strong atmospheric pressure gradient in the North Atlantic 346 (Ganopolski and Rahmstorf, 2001 ). Previous studies (Moreno et al., 2005; Sierro et al., 2005; 347 Cacho et al., 2006; Frigola et al., 2008) intensification of bottom currents and weak water mass stratification (Rohling et al., 1998) . 353
In the studied core, HS can readily be identified by maxima of polar planktonic 354 foraminifera N. pachyderma S (except H3, Fig. 8 ). There is a good correlation between the C. 355 wuellerstorfi, Krithe spp. abundance (two benthic species indicator of oxygenationed 356 conditions; see appendix C) and the O 2 index occurs during stadial intervals and HS (Fig. 9 ) 357 suggesting enhanced bottom water oxygenation in the Corsica Trough during this time. Krithe 358 spp. are more abundant during cold periods in the Atlantic Ocean and in 359 the Mediterranean Sea . The genus Krithe is a common component of 360 global deep-sea ostracod assemblages (Dingle and Lord, 1990) . We suggest that increases in 361
Krithe spp. abundance in core MD01-2472 during stadials and HS reflects enhanced bottom 362 oxygenation, associated with a lowering of bottom water temperature, also suggested by 363 benthic oxygen isotope ratios (Toucanne et al., 2012) . 364
The results from grain-size analyses in this work have greatly increased the resolution 365 of the data obtained by Toucanne et al. (2012) . The sortable silt record of core MD01-2472 366 reveals 2-4 µm positive shifts during stadials and HS (Fig. 10 ). In detail, in terms of 367 lithofacies, the sedimentary sequences during H2 (Fig. 2) , are composed of muddy and silty 368 mottled facies forming coarsening-up and fining-up units, interpreted to be contourite deposits 369 (Gonthier et al., 1984; Stow et al., 1986) . Increases in bottom current intensity in the Corsica 370
Trough during cold intervals (Toucanne et al., 2012) caused increased oxygenation. Enhanced 371 bottom ventilation is corroborated by the increase of benthic δ 13 C observed in the studied core 372 (Fig. 9 ). Bioturbation by Planolites and Thalassinoides typically occurred during the cold 373 phases ( Fig. 2 ) associated with coarse sediment with low total organic carbon (TOC) and high 374 energy hydrodynamic conditions (Löwemark et al., 2004) . These intervals contain Trifarina 375
angulosa, a taxon that may be a good indicator of strong bottom current (Mackensen et al., 376 1993; and common reworked shallow water benthic 377 foraminifera. Allochthonous ostracods (species of cluster A3 and of clusters B3, Fig. 7 ) from 378 the continental shelf and the upper slope are also present associated with evidence forwinnowing of fine particles and contourite deposition in the studied area (Toucanne et al., 380 2012) suggesting transport by vigorous LIW at site MD01-2472 during stadials and HS. 381
382
In contrast, allochthonous specimens at site MD01-2472 during Is is relatively rare 383 (<1% for Elphidium/Ammonia group, <20% for allochthonous ostracods, Fig. 10 ) suggesting 384 minor sediment transfer from the shelf and along the slope at this time. The benthic δ 13 C U. 385 peregrina records show the lowest values during Is (Fig. 9 ), which may be linked to higher 386 bottom-water residence times associated with decreased LIW ventilation. Moreover, T. 387 quinqueloba is relatively rare during Is suggesting a weak surface productivity 388 Hemleben et al., 1989; Rasmussen et al., 2003) . 389
The highly variable benthic δ 13 C values during warm phases of the last glacial period 390 are difficult to interpret. The values may be related to longer bottom-water residence times in 391 the Corsica Trough during interstadials (i.e. high δ 13 C values, >0.5‰) since they correlate to 392 intervals with low O 2 indices (<0.8, Fig. 9 ) and weak surface productivity (Fig. 8 ). In addition, 393 this hypothesis is supported by maxima of ostracod clusters B1 and B2 (Fig. 7) , including 394
Paracypris sp. and. Argilloecia acuminata, species adapted to poorly oxygenated 395 environments Andreu, 1992; Alvarez Zarikian et al., 2009) . Benthic 396 foraminifera of cluster 3b (B. marginata, B. costata and G. altiformis) also increase in 397 abundance during Is (Fig. 6 ) suggesting reduced oxygenation. Pyritized filaments are the most 398 common bioturbation types in fine grained sediment during interstadials (Fig. 2) , associated 399 with high TOC (Löwemark et al., 2004 ) suggesting a slight decrease in LIW ventilation and 400 lower bottom water oxygenation in the Corsica Trough during Is. 401
402
The highest abundance of T. quinqueloba, a taxon related to high surface primary 403 productivity and cold sea surface temperatures, is observed in the LGM associated with an 404 increase of benthic species of clusters 3a-3b (benthic foraminifera, Fig. 6 ) and clusters A2-B4 405 (ostracods, Fig. 7 ). This indicates a rapid response of benthic fauna to nutrient enhancement 406 linked to the surface productivity. It may also explain the reduction in O 2 index values, due to 407 organic matter degradation. However, Schmiedl et al. (2003) Allochtonous species (foraminifera and ostracods) were rare during the LGM period 414 and any evident grain-size increase is observed in the sediment interval corresponding to the 415
LGM (Fig. 10) . It is possible that bottom flow intensity may not have been strong enough to 416 carry heavier sediment particles in suspension or that the LIW axis was deeper, thus 417 controlling sediment transport mainly in the deep Golo Basin, as shown by Toucanne et al. 418 (2012) A period (Fig. 8) , while cold water planktonic assemblages characterise the YD period. Peaks 431 in abundance of Paracypris sp. and Polycope sp. (Fig. 7) suggest reduced dissolved oxygen 432 during the B-A at the water-sediment interface, coinciding with reduced of Krithe spp. and C. 433 wuellerstorfi abundance (Fig. 9) in the B-A, and a lower O 2 index (Fig. 9 ) that suggests 434 slightly under-oxygenated conditions. In contrast Krithe spp. and C. wuellerstorfi become 435 common during the YD interval, associated abundant allochthonous ostracods (Fig. 10) and 436 reworked benthic foraminifera (Elphidium/Ammonia group, Fig. 10) . 437
Marked changes in facies occurred during the YD period, with the deposition of a 438 0.75-metre-thick silty unit at site MD01-2472 (Fig. 3) . The sediment facies characterized by a 439 coarseaning followed by fining upward with no evidence of basal erosion (Fig. 3) suggest that 440 these features are not turbidites. These sediments are interpreted as contourites and related to 441 episodes of bottom current reinforcement. We suggest enhanced LIW ventilation during the 442 YD event was forced by rapid climatic changes in the Mediterranean, during cold and dry 443 conditions (Kotthoff et al., 2008; Combourieu-Nebout et al., 2009) . 444
Any significant sea-level fall has been described for the YD along the Italian coast 445 (Lambeck et al., 2011) , but evidence of a global sea-level rise deceleration has been observed 446 before the Holocene (Bard et al, 2010) . On the other hand and at the local scale, Caruso et al. and 7,000 y BP the deep-water circulation strengthened until the end of the rapid sea-level 467 rise, followed by a gradual weakening of circulation (to modern times) related to the stability 468 of atmospheric conditions (Frigola et al., 2007) . 469
In core MD01-2472, we do not have sufficient resolution to identify rapid climatic 470 events. Nevertheless, we focus on the long-term patterns can be interpreted from the 471 microfauna assemblages. The high abundance of warm water planktonic species in the 472 Holocene interval (up to 60%, Fig. 8 ) is related to the increase of atmospheric and sea surface 473 temperature during the last interglacial onset as shown by the planktonic δ 18 O values in the 474 Corsica Trough. Polycope ostracod species reach a maximum abundance during the Holocene 475 (varying from 20 to 70%, Fig. 7 ) suggesting low current velocities and lower bottom water 476 oxygenation . The decrease of allochthonous species (ostracods of cluster 477 A3, benthic foraminifera of clusters 3c) and low SS and magnetic susceptibility (Fig. 10) may 478 be due to a reduction in bedload transport in low-energy bottom water conditions. Krithe spp. 479 are rare in this interval, suggesting either a lowering in dissolved oxygen content or a decrease 480 in the nutrient flux reaching the upper slope. The rarity of T. quinqueloba in the Holocene 481 period (Fig. 8) weak surface primary productivity (Rasmussen et al., 2003) and the increase of 482 U. mediterranea and M. barleeanus (Cluster 1, 50%, Fig. 6 ) indicates overall bottom oligo-483 mesotrophic sea floor conditions (Fontanier et al., 2003) . Radiocarbon ages of core MD01-2472. The dates were corrected for a marine reservoir effect 611 of 400 y, except for the period 15,000-17,000 y BP (marked by an asterisk) to which a 612 correction of 800 y was applied (cf. Siani et al., 2001) . Radiocarbon ages were calibrated to 613 calendar years using CALIB 6.0.1 and the IntCal09 calibration curve (Reimer et al., 2009 Macrocypris sp. seems to respond to nutrient-rich waters, whereas it preferably inhabits Mg-enriched waters (Cadot et al., 1972; Durazzi, 1977; Wansard, 1999) . Its presence might be related to the increasing surface productivity or/and river detrital input (Bassetti et al., 2010) . B. vanstraateni is a bathyal species requiring cold, nutrient-rich waters and, possibly, a low sedimentation rate (Alvarez B. vanstraateni, Macrocypris sp. are very well represented in MIS 2 and MIS 3. They completely disappear in MIS 1 (Fig. 8) .
 Cluster A3: Callistocythere sp., Hemicytherura videns and Aurila sp.; downslope transport signal Aurila sp. belongs to the infralittoral species and is widely distributed in the Mediterranean and along the coast of north-western Europe .
Abundance of Aurila sp. is often related to increased rates of detrital sedimentation (Babinot and Boukli-Hacene, 1998) . Callistocythere sp. and H. videns also indicate the infralittoral zone Ruiz et al., 1997; Abad et al., 2005; . In the Mediterranean Sea, Callistocythere sp. is often observed in sandy-silt bottoms. Based on the depth (501 m) where the core was taken, this cluster can be use as an indicator of displacement or transport. Aurila sp., Callistocythere sp. and H. videns are well represented in MIS 2 and MIS 3, particularly in Greenland stadials.
 Cluster B1: Cytheropteron alatum and Argilloecia acuminata; poorly oxygenated conditions
Argilloecia acuminata is a deep-water species found in the eastern and western Mediterranean Sea Colalongo and Pasini, 1980; Müller, 1894) . The genus Argilloecia is known to predominate in organic-rich sediment, and was reported as the most common ostracod living in the oxygen minimum zone of the upper continental slope off southeastern North America . Argilloecia is also an important component of the Pliocene and late Pleistocene 
